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Aims. It is widely accepted that the progenitors of core collapse SNe are young massive stars and therefore their host galaxies are 
mostly spiral or irregular galaxies dominated by a young stellar population. Surprisingly, among morphologically classified hosts of 
core collapse SNe, we find 22 cases where the host has been classified as an Elliptical or SO galaxy. 

Methods. To clarify this apparent contradiction, we carry out a detailed morphological study and an extensive literature search for 
additional information on the sample objects. 
Results. Our results are as follows: 

1. Of 22 "early type" objects, 17 are in fact misclassified spiral galaxies, one is a misclassified irregular, and one is a misclassified 
ring galaxy. 

2. Of the 3 objects maintaining the early type classification, one (NGC2768) is a suspected merger remnant, another (NGC4589) is 
definitely a merger, and the third (NGC2274) is in close interaction. The presence of some amount of young stellar population in these 
galaxies is therefore not unexpected. 

Conclusions. These results confirm the presence of a limited, but significant, number of core collapse SNe in galaxies generally 
classified of early type. In all cases, anyway, there are independent indicators of the presence in host galaxies of recent star formation 
due to merging or gravitational interaction. 

Key words. Galaxies: general - Galaxies: elliptical and lenticular, cD - supernovae: general - supernovae: core collapse 



1. Introduction 

As their cosmological importance as distance indicators contin- 
ues to grow, a detailed understanding of the origin of supernovae 
(hereafter SNe) is becoming one of the more perplexing prob- 
lems in modern astronomy. Especially in the last two decades, 
improvements in observational capabilities and the broader spec- 
tral range of SNe studies have resulted in an unexpected diversity 
of the observed properties of SNe leading to the introduction of 
new types and subtypes. These are likely to be related to different 
physical parameters of the stellar progenitors of SNe (possibly 
leading to observable differences in the details of their explo- 
sion mechanisms), and to dif ferences in the prop erties of their 
immediate environment (e.g., iTuratto et al.ll2.007b . Current lim- 
its on our understanding of these issues make it difficult to come 
to firm conclusions on the role of SNe in several fields like the 
chemical evolution of galaxies, the production of the stellar rem- 
nants and the origin of cosmic rays. Perhaps most vexing are the 
doubts that remain on the reliability with which SNe can be used 
as distance indicators up to cosmological distances. 

It is widely accepted that SNe result from two major explo- 
sion mechanisms: core collapse in massive stars (M > 8M ) 
and thermonuclear runaway of in a WD approaching the 
Chandrasekar limit by accretion from a companion. The fo- 
cus of this paper is on SNe formed via core collapse (here- 
after CCSNe). Different configurations of the progenitor at the 
moment of explosion, different energetics associated with the 
event, and possible interaction of the ejecta with circumstel- 



lar material produce a large variety of characteristics, presently 
classified as SNe of types lb and Ic and several sub-types of 
type II. Spectacular evidence for the core collapse nature of 
SNe II comes from the detection of neutrinos of SN1987A 
in LMC but indication that CCSNe have massive progenitors 
also comes from about a dozen ca ses of direct identification of 
core c ollapse SN progenitors (e.g. . Ivan Dvl 2005l:lHendrvet al l 
2006) , from theoretica l modeling (e.g., IWooslev & Weaver 



1995: lHegeretalJ l2003). and from studies of the environment 
of th ese SNe. Their association with spiral arms in ga laxies 
(e.g., iMaza & van den Berghlll976t iBarfunov et all [19941) . with 
massive star-forming regions (e.g.. Ivan Dvkll 19921). an d with lo- 
cal young stellar population (e.g.. Ivan Dvk et al]|l999l) is well 
known. This is consistent with the dependence of the rate of 
explosions with the morphological types of the host galaxies. 
Many studies have concluded that types II and Ib/c SNe occur 
only in spiral an d irregular galaxies, an d mostly in those of the 
latest types (e.g..lCappellaro et alJI 1999b . In other words differ- 
ent studies show that the progenitor stars of CCSNe are young 
massive stars born in recent episo des of star formation in their 
host galaxies (e. g.. lHamuv 20031). w ith possible differences in 
their nature (e.g.. Ivan Dvk et al.ll2003l) . Conversely, the apparent 
certainty of the association between CCSNe and young massive 
stars has led to use CCSNe as tracers of recent star formation in 
galaxies (e.g.. lNavasardvan et al.ll200il ; |Petrosian et alj|2005l) . 

It is therefore puzzling that several authors have reported 
the presence of CCSNe in E or SO ga l axies. I n thre e articles, 
Ivan de n Bergh, Li, & Filippenko (2002^ 120031: 120Q51 hereafter 
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vdBLF) discussed the morphologies of host gala xies in the Lick 
Obser vatory Supernova Search (LOSS; e.g., Filip penko et al.l 
120011) and report 8 cases of E and SO galaxies harboring CCSNe. 
In a new examination of the objects listed in the latest version 
(October 30, 2007) of the Asiago Supernova catalog (ASC; e.g., 
Barb on et al.ll9 99) we discovered 14 more cases of CCSNe host 
galaxies classified as type E or SO. If demonstrated, the presence 
of CCSNe in early type galaxies should be asso ciated with the 
popul ation of the prompt SN la advocated by Mannucci et alj 
2006 to explain the excess of SN la events observed in radio- 
loud ellipticals. This excess is attributed to recent episodes of 
massive star formations which ar e expected to produ ce CCSNe 
although in still debated number dGreggio et al.l l2008). 

It is known that type Ib/c SNe can be misclassified as SN la 
because of the similarity of their spectra at some epo ch. A re- 
cent example is SN2004aw ( Taubenberger et al. 2006). It is not 
excluded therefore that some less extensively studied SN la 
reported in early type galaxies, might indeed be misclassified 
SN Ib/c. However, since to our knowledge a statistics of these 
cases is not available, we neglect such possible effect in what 
follows. In this paper we study in detail all 22 cases with the aim 
of understanding the reliability of the host galaxy classification. 
The sample is presented in more detail in Sect. 2. The results 
of our study of individual host galaxies are presented in Sect. 3, 
and in Sect. 4 we discuss and summarize our results. Throughout 
this article we have assumed a value of Ho = 75 km s _1 Mpc~' 
for the Hubble constant. 

2. The sample 

The three papers of vdBLF discussed the morphological classifi- 
cation of more than 600 host galaxies of SNe. This classification 
was done on the DDO system using images from the 0.75 cm 
Katzman Automatic Imaging Telescope during the course of the 
Lick Observatory Supernova Search as well as from the POSS- 
I, POSS-II, or SERC-J and SERC-R blue and red exposures. 
The Asiago Supernova Catalog referenced above has presently 
(October 30, 2007) accumulated data for about 4300 SNe and 
their host galaxies and it includes (among other parameters) 
the morphological classes of th e hosts. These come from vari- 
ous sources, mostly from RC3 dde Vaucouleurs et al I fl99l and 
LEDA (70% and 20% respectively). It is interesting to note that 
the classifications are not always in agreement: of the 8 cases 
reported by vdBLF four have been classified as spirals in the 
ASC; conversely, three galaxies of the 14 from the ASC are clas- 
sified as spirals (or possible spirals) by vdBLF. We have there- 
fore considered the full list of 22 cases for our study for which 
an Elliptical or SO type parent galaxy is suspected. It is worth 
mentioning that we have not considered SO/a type galaxies for 
this study. There are two crucial reasons for this decision: firstly 
SO/a type galaxies are well k nown to have an increasi ngly large 
young stellar population (e.g jNoordermeer et al.ll2005l) and can 
harbor CCSN progenitors; secondly the distinction between SO 
and SO/a's is subtle an d give rise to possible misclassification 
(e.g.. lNaim et alj[l995l) . It is interesting to note that vdBLF did 
not report any CCSN in SO/a type galaxy but in ASC there are 
15 such galaxies with 15 CCSNe. Table Q] presents the list of 
22 cases with CCSNe identified in E or SO type galaxies. The 
first column gives the name of the host galaxy sorted according 
to R.A., the second and third columns list the supernovae and 
their classifications from ASC. In three cases two SNe events 
were discovered in the same galaxy and it is remarkable that 

1 http://web.oapd.inaf.it/supern/cat. 



in one (NGC2836) both events where core collapse explosions. 
Columns 4 and 5 give the morphological types of the hosts ac- 
cording to vdBLF and to the ASC where ":" denote uncertain 
classifications and "?" very uncertain ones. Our remarks and the 
new galaxy types are given in column 6. 



3. The morphological classification 

We have taken a fresh approach to classify the host galaxies in 
Table [T] as in iPetrosian etail d2007h 120081) . We extracted their 
images from the POSS-II or SERC blue and red original plates 
digitally archived at STScI. Since the original plate material was 
intended for the measurement of stellar objects between 12 and 
22 mag in blue and between 12 and 21 mag in red, it is suit- 
able for a morphological study of the sample galaxies, which are 
mostly bright objects. For some very bright galaxies (brighter 
than 14 mag) and high surface brightness objects, the central 
parts of their images may be over-exposed, but for most galax- 
ies the central structure is well displayed. This plate material 
is therefore especially useful for examining the structural fea- 
tures of the galaxies both in their inner and their outer regions. 
A morphological classification of each galaxy was done first on 
red images and later checked on the blue ones. We have carried 
out the classification by using gray-scale displays of the digi- 
tized images and by inspecting isophotal maps. The latter ones 
are especially useful in representing the large dynamical range 
in the images. The appearance of both the central and the outer 
regions of the galaxies has been taken into account in arriving at 
a classification. In Fig. Q] we have collected gray-scale and con- 
tour diagram representations of the F band images of our sam- 
ple galaxies. These images are shown in figures of two images 
each, comprising 22 sample galaxies. The contour levels are in 
arbitrary units of photographic density. The lowest contour level 
was chosen at about the 3cr level of the local background. The 
contour interval is constant, different in each galaxy, but usually 
between 1 - 30% of the local background and chosen in order to 
best illustrate both the inner and the outer structure of the galaxy. 
In the same fashion, the field size (and thus magnification) was 
selected for each system to clearly illustrate its morphological 
structure. In all images, the precise positions of the relevant SNe 
are also shown. These positions have been calculated according 
to the offsets given in ASC and verified on the available finding 
charts of the SNe when available in the WEB. For each galaxy 
of the sample we also conducted an extensive literature search 
in order to find other information on its morphology as well as 
any additional evidence for the presence of ongoing star forma- 
tion. In the following we present the individual discussion on the 
morphology of each host galaxy of our sample. 

IC1529. Althou gh listed as a SO galaxy in the ASC, in 
iHuchra et alj d 1993b . and in Ida Costa et ail dl998l) . NED clas- 
sifies this galaxy as (R')SA(r)0"0" pec:. This object is a UV- 
bright galaxy (U - B = -0.5), with prominent Ha and [Nil] 
emission line spectra and it is included in the second list 
of the Montreal B lue Galaxy S urvey (object MBG 0002-1146; 
ICoziol et aD 19941) . According to lMever etail d2004l) this galaxy 
shows strong 21 cm HI emission, and iMauch & Sad ler (2007) 
list it as a 1.4 GHz radio continuum source. The presence of 
such tracers is a lready indicative of enhanced star f ormat ion in 
this galaxy (e.g.. lKennicuttlll989l) . lMauch & Sadler! d2007l) clas- 
sified the optical spectra of this galaxy as narrow LINER-like 
emission-line spectra. According to our image study, we clas- 
sify this galaxy as Sbc type with low surface brightness spiral 
arms and with a high surface brightness, disturbed central bulge 
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Table 1: The list of early type galaxies with core collapse supernovae. 



Galaxy 


SN 


SN type 


Morphology 


New galaxy types and Remarks 








vdBLF 


ASC 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


IC1529 


2006du 


II 




SO 


Sbc type galaxy with LINER type AGN. 












HI, 1.4 GHz radio source. 


NGC774 


2006ee 


11 




SO 


SO. Embryonic spiral arm exist. Residual star formation. 


NGC838 


2005H 


II 




SO: pec 


Mrkl022. Im type galaxy. HI, 1.4 GHz radio source. 


MCG-01-07-35 


2002aq 


II 


SBab 


SBO pec 


Barred-Ring galaxy. HI source. 


PGC10652 


2006ab 


Ic 




E? 


Sb type galaxy. HI source. 


IC1861 


1999eg 


II 




SO 


Sbc type galaxy. HI source. 


NGC1260 


2006gy 


Iln? 




SO: 


Sa. Extended Ha emission also at the SNe position. 


IC340 


2002jj 


Ic 


Spec? 


SO: 


Sc type galaxy. HI source. 


UGC2836 


20011 


Iln 


El 


SO 


Mrkl405. Sa type galaxy. HI, H 2 , CO and 




2003ih 


Ib/c 






1.4 GHz radio source. 


UGC3432 


2003kb 


Ic: 


SO/Sb 


Scd: 


Sc type galaxy. HI source. 




1996bv 


la 








NGC2274 


2005md 


II: 




E 


E type galaxy in interaction. HI source. 


NGC2768 


2000ds 


lb 


E3/Sa 


E6 


SO type galaxy with LINER type AGN. HI, CO and 












1.4 GHz radio source. A possible merger remnant. 


IC2461 


2002bx 


II 


SO 


Sb 


Sbc type galaxy. HI and 1.4 GHz radio source 












with emission line spectrum. 


VIIIZwUO 


2004X 


II 


E3 




Spiral galaxy? HI and 1.4 GHz radio source. 


NGC3720 


2002at 


II: 


El 


Sa: 


Sa type galaxy. HI and 1.4 GHz radio source 












with emission line spectrum. 


IC3203 


2003ac 


lib: 


SO 


Sb 


Sb type galaxy. HI source. 


ESO506-G11 


2005an 


II: 




SO 


Sb type galaxy. 


NGC4589 


2005cz 


lb 




E2 


Merger with LINER type AGN. HI and 












1.4 GHz radio source. 


ESO576-G40 


2003am 


II 


sot 




SBc type galaxy. HI source with 




1997br 


la pec 






emission line spectrum. 


MAPS-NGP 0.442.2131626 


2004V 


II 


E0 




Sa type galaxy. 


UGC 12044 


2002hz 


Ib/c 


Sb/SO 


Sab 


Sab type galaxy. HI source. 


MCG-02-57-22 


200 lhh 


II 


Sa 


SBO: 


Sa type galaxy. 



structure. SN2006du is a classical SN II discovered close to max- 
imum (Green 2006) and located on an outer spiral arm. 

NGC774. According to the ASC, this is a SO 
galaxy, and the same morphological type is r eporte d 



in NED and also by iHuchra. Voeelev. & Gellerl (Il999l) . 
ICaldwell. Rose. & Concannonl ((2003) studied the stellar 
population of this galaxy and concluded that there is no 
significant young stellar population. This galaxy has been 
observed by the Sloan Dig ital Sky Survey (SDSS; e.g., 
lAdelman~ McCarthv et al. 2007), and a direct image and spectra 
are presented in latest SDSS0 Data Release 6 (DR6) (object 
SDSS J015934.72+140029.5). The nuclear region of this galaxy 
shows faint [NII]6584 and a trace of Ha lines in emission. 
The SDSS images and our own are in agreement with previous 
determinations. According to its outer isophotal structure and its 
radial distribution of surface brightness, this is a SO type object. 
However, the distribution of surface brightness shows some 
small degree of asymmetry in the region to the south-southwest 
of the nucleus. Here, we suspect the p resence of an embr yonic 
spiral arm. SN2006ee is a type II SN dPuckett et al.ll2006l) with 
plateaifj, exploded very close to this region. 

NGC838. According to ASC, NGC838 is a SOpec type 
galaxy and the same morphological type (SA(rs)0"0 pec) is re- 
ported in NED. The galaxy being member of Arp318 peculiar 
system is a lso member of Hickson compac t group of galaxies 
(HCG16C; iHickson. Kindl. & Aumanlfl 989) and classified as 
Im type object. According to the de Ca rvalho & Cozioll (l999) 



2 http://www.sdss.org/dr6/ 

3 http://cspl.lco.cl/ cspuserl/PUB/PROJ/LC/c3_op/SN06ee.html 



it is Im type galaxy with double nuclei structure and with nar- 
row emission line spectra. The double nuclei structure and ir- 
regular morphology is well seen also on the SDSS DR6 im- 
age (SDSS J020938.55-100847.5). As an UV excess galaxy it 
is also known as Mark arian 1022 (also is KUG0207-103) which 
iPetrosian et a il (120071) classified as Im type. This object has blue 
colour (U - B = -0.06; B - V = 0.58) and shows 1.4 GHz 
radio continuum emission ( Cond on" et al.ll 1998b . From the anal- 
ysis of Fig. [1] we confirm double nuclei irregular morpholog- 
ical structure of this galaxy. SN 2005H was a normal type II 
discovered short after the burst (Pa storello et al.l 120051) . posi- 
tioned outside the main body of this galaxy, in the low surface 
brightness diffuse bridge connecting NGC838 with NGC835 
(Mrkl021=HCG16A; Sab (IPetrosian et al.ll20 07) galaxy). In the 
northern edge of this b ridge, closer to NGC835 , an isolated HII 
region was discovered (Ryan- Weber et al. 2004). In all its length 
the bridge radiates in HI (IVerd es-Montenegro et al. 200lb. 

MCG-01-07-035. NED assigns SB(r)0+ pec type to this 
galaxy and LEDA classifies it as SBO/a with outer ring 
(R) structure. The ASC repor ts it as a SOpec galaxy but 
Ivan den Bergh. LL~& Filippenko ( 200 2]) hav e classified it as 
SBab. According to Theur eau et al.l (120071) this galaxy is a 
21 cm HI source. In Fig. |T] this galaxy shows an obvious bar 
and disturbed outer ring structure. SN2002aq, a normal SN II 
(Filippenko & Barth 2002), was located in the inner edge of the 
outer ring. 

PG C10652. Accordin g to ASC PGC 10652 is an elliptical 
(E?), to lHau et al.l d 1995b it is E/SO while to NED it is Sb 
Because of the strong HI emission lHuchtmeier & Richterl (l989) 
included this object in their catalogue. Our morphological study 
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Fig. 1: (a) Gray-scale and isophotal maps of early type galaxies with core collapse supernovae. The positions of SNe are marked by 
"+" cross sign. 



confirms the double spiral arm structure of this galaxy and th e 
Sb classification. SN2006ab, a type Ic SNe dWong et al.ll2006l) . 
was located close to the inner edge of the northern spiral arm of 
the galaxy. 

IC18 61. This object is als o known as the isolated galaxy 
KIG120 dKarachentsevalll973l) . According to A SC it is a SO 
galaxy in agreement with NED (SACTCT) and iHuchra et alj 
(1999) (T — -2, L- or SO-). Higher resol ution imaging 
of KI G120 led to the Sbc type classification dSulentic et alj 
2006 ) which better agrees with its strong HI emission 
dHuchtmeier & Richterll 19891) . According to our morphological 
study the low surface brightness spiral structure of this galaxy 
is obvious and confirms the Sbc classification. SN1999eg was a 



norm al SN II dJha et al.| [l999) with plateau light curve (|Hamuy 
2001) positioned close to the inner edge of the spiral arm of the 
galaxy. 

NGC1260. This galaxy with radial velocity of 5753 km s _1 
belongs to the Perseus cluster (A426) and forms an interacting 
pair with the close neighbor PGC12230 (V r = 5957 km s _1 ). 
ASC reports for this galaxy the SO: classification compatible 
with that reported by NED (S0/a:). Early type morphology 
SB/SB O (T = -1, L+ or S0+) is report ed also IH uchra et al.1 
(11999b while according to lAndreon etail d 1997b the morpho- 
logical structure of this galaxy is similar to SAO type objects 
with high amount of dust content in its inner part. An higher 
resolution and sensitivity morphological study of this galaxy by 
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Meusinger et al ] (120001) has shown weak indications of an outer 
spiral and bar structure. The presence of a short bar and a weak 
spiral arm structure in this galaxy is confirmed with our im- 
agery study. We prefer to classify this galaxy as Sa type spi- 
ral. The discovery of SN2006gy very close to the nuclear region 
prompted very high re solution im aging of the pare nt galaxy in 
the o ptical (Fig. 3 of lOfek et all 1200^) and NIR dSmith et alj 
12001) . The resulting inner structure of the g alaxy is that of a n 
early type galaxy with Sersic profile index 3.7 (lOfek et alj2007l) . 
Nevertheless, the presence of a c onsistent dust lane and extended 
Ha emission (Smith etal. 2007) are a clear evidence of ongoing 
star formation. SN2006gy is unique in many respects and it is the 
brightest SN ever observed (Ofek et al. 20071: ISmith e"t~ai1l2007t 
Agnoletto et al. in preparation 2008). Although the mechanism 



responsible for such explosion is still de bated dOfek et alJ l2007; 
ISmith etal J 120071: IWooslev et all l2007t Agnoletto et al. 2008) 
there is a general consensus that the progenitor was very mas- 
sive (M > 4OM ). 

IC340. According to the ASC th is is a SOpec galaxy. 
Ivan den Bergh. Li7& Filippenko (2003) suspected its spiral na- 
ture a nd classified it as a Sp ec? object. NED reports type SO" 0" 
w hile Ida Costa et all d 19981) classified it as type Sc. According 
to lTheureau et alj d2007l) . this object is a strong HI source. Our 
inspection of the images of the galaxy confirms the spiral na- 
ture of the classification and w e assign a type Sc. The type Ic 
SN2002jj dFolev & F ilippenko 2002) is positioned very close to 
the nuclear region. 
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Fig. 1 : (c) Continued. 



UGC2836. This object is Markarian 1405, which 
iPetrosian et al.l d2007l) classi fied as Sa. The ASC considers 
it as a SO and NED as a SO-. Ivan den Bergh. L i. & Filip penko] 
(2002) assigned type El but la ter decided that the classification 
Sa: w as more app ropriate (jvan den Bergh. Li. & Filippenko! 
12003b . According to Kandalyan (2003D this galaxy is a strong 
source of neutral HI and molecular H2, and CO emissions and 
a sou rce of 1 .4 GHz continuum radio emission (ICondon et alj 
1 1 998b . Our morphological study confirms the Sa spiral structure 
of this object. Two core col lapse SNe, the type Iln SN2001I 
(Filip penko & Chornockl 1200 ll) and the type Ib/c SN2003ih 
(Filippenk o & Chornockl 12003d) . have been discovered in this 
galaxy. SN2001I lies closer to the nuclear region of the galaxy 
than SN2003ih. SN2003ih is located in the spiral pattern of the 



galaxy. Identification of the background structure of the region 
of the host galaxy associated with the SN2001I is problematic. 

UGC3432. The Scd: classification re ported by ASC from 
RC3 and b y NED dGallagher et al.l 120051) an d the SO/Sb clas- 
sification by Ivan den Bergh, Li, & Filippenko (2005) are contra- 
dictory enough to warrant a re-examination of the morphology 
of this galaxy. According to Huchtmeier and Richter (1989), the 
galaxy is a strong HI source. T his object is included in th e cata- 
log of flat disk-like galaxies by Karach entsev et all (119931) under 
the name 2MFGC5057. Our imaging study confirms the pres- 
ence of late-type spiral structure but since this object is highly 
inclined (r/R = 0.42) its morphological classification is uncer- 
tain and we prefer a Sc classification for it. Two SNe have been 
discovered in this galaxy, the type la SN1996bv, and the type Ic: 
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IC2461 : SN2002bx(ll) 




VIIIZw140 :SN2004X(II) 



4- 



1920 11 1911 




NGC3720 : SN2002at(ll) 



| 

¥+00 48 00 - 




IC3203 : SN2003ac(llb) 



12 21 48 12 21 45 12 21 42 




Fig. 1 : (d) Continued. 



(revised classification, Filip penko et al 1 120031) SN2003kb. Both 
SNe are projected on the disk of the galaxy. The core collapse 
SN2003kb is located on a spiral arm. 

NGC2274. The ASC and NED agree assig ning type E to 
this galaxy. According to Karach entseval (Q973) this object, to- 
gether with N GC2275, is a member o f an iso lated pair of galax- 
ies (KPG1 18). lHuchtmeier & Richter! dl989l) inc luded it in their 
catalogue of HI sources. ICutri & McAlarvl (fl985) reported upper 
limits of 10 fi emission from the nuclei of both galaxies, which 
is indicative of non-stellar radiation. Sign of interaction with its 
northern neighbor is visible only in the outer envelope but no 
sign of a tidal effect is evident. Our analysis confirms its E mor- 
phological type. The position of SN2005md is close to the broad 
low-surface-brightness bridge connecting both galaxies in the 



system. The early SN classification as ty pe II was based on th e 
presence of a blue featureless continuum (Modiaz et al. 2005a). 
About 2 years later a new SN within 0.5 "from SN2005md or a 
rebrightening of 2005md itself has been detected dLi et alj2 008). 
Unfortunately no spectral information is available to prove the 
nature of this object. Therefore the possibility that the two events 
are related super-outbursts of a LBVit is not ruled out and 
has been proposed i n the case of SN2006jc dFolev et all 120071: 
iPastorello etaill2007h . 

NGC2768. According to ASC this is an E6. 
Ivan den Bergh. Li. & Filippenko! d2003l) assign type E3/Sa, 
indicating d oubts about its type. A dual E-Sa class was also 
assigned by iMaund & SmartJ (120051) . In NED, its morphology 
is reported as S0_l/2 and its activity class is LINER. The 
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Fig. 1 : (e) Continued. 



NED information is fro m The Carnegie Atlas of Galaxies 
(Sandage & Bedke 1994) in which the following description is 
presented: "The definite outer envelope of NGC2768 surround- 
ing an E6 bulge makes SO classification certain. Very subtle 
dust patches on either side of the major axis at the ends of 
the minor axis requires S0_l/2 classification". This galaxy has 
blue integral colours (U - B = -0.43 and B - V = 0.92) and 
it is re gistered as a CO (IWiklindetalJ [l995) and HI emission 
source dHuchtmeier et alj 1995) and a sour ce of 1.4 GHz radio 
continuum emission (ICondon et ail [l998). Perhaps the most 
interesting information relates to t he nuclear and near-nuclear 
regions of this galaxy: according to iMichard & Marchall {1994) 
". . . the inner isophotes of the galaxy are boxy, but bec ome disky 
in the range of 75 - 115 arcsecs". According to lLauer et alj 



d2005l) and iMcDermid et all d2006l) this galaxy has a dust- 
obscured central region (spiral dust lanes), central disky gas 
distribution and a LINER nucleus with strong emission lines. 
The stellar population in the central region of this galaxy is 
relatively young. The resolution of our images was not sufficient 
to analyze in detail the central nuclear structure, but from its 
outer structure this obj ect is a classical SO type. SN2000ds, 
classified as type lb (Filipp enko & Chornockll2000l) is located 
far from the peculiar nucle ar region of the galaxy. Detailed 
study of the SN position by Ivan Dvk. Li. & Filippenko (2003) 
shows that ". . . reddish clusters of stars may be evident near the 
position of the SN at the 3 - 4 cr level". 

IC2461. Ivan den Bergh. Li, & Filippenko! d2003l) classified 
this galaxy as SO, but noted that it is viewed edge-on and so 
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Fig. 1: (f) Continued. 



the classification is somewhat uncertain. ASC classified it as Sb, 
and NED assigned Sb c. This galaxy is included in the catalog of 
flat disk-like galaxies dKarachentsev et al. 1993) und er the name 
of 2MFGC7243 and, according to iGoad & Roberts! d!981b . has 
a well-defined regular velocity field typical for late-type spiral 
galaxies. According to images and spectra from the SDSS DR6 
(SDSS J091958.02+371 128.5) it is an edge-on Sbc galaxy with 
well-delineated dust lanes and with spectra rich in strong emis- 
sion lines (Ha, [QUI], etc.). Thi s object is a strong source of HI 
emission (Theureauet al. 2007|) and 1.4 GHz radio continuum 
emissions (ICondon et al.lll998l) . Our imaging study confirms the 
Sbc morphological classificati on. SN2002bx is a type II SN dis- 
covered soon after maximum (Mathesonet al. 2002) and posi- 
tioned in the far edge of the disk. 

VIIIZwl40. No galaxy type is reported in the 
ASC for this galaxy which was classified as E3 by 
van den Bergh. Li. & Filippenkol d2 005). NED assigned type E. 



According to iPaturel et al.1 (|2003), it is an HI galaxy and also 
has 1 .4 GHz continuum radio emission (ICondonetalJll998l) .In 
our images, the central region of the galaxy are over-exposed 
whereas in the outer regions the surface brightness declines 
from a regular distribution and forms elongations to the north 
and south and the existence of two embryonic spiral arms is 
suspe cted. SN2004X, classified as a SN II dFilippenko et alj 
|2004|) . is positioned in the outer envelope of the galaxy. No 
specific morph ological structure is present at the SN po sition. 

NGC3720. Ivan den Bergh. Li. & Filippenkol d2003b classi- 
fied this galaxy as El, but noted that its type might be Sa, which 
is the ASC classification. This galaxy is listed as SAa in NED, 
and iKarachentsevI d 1973b identified i t as a member of an iso- 
lated pair (KPG289B). According to ISandage & Bedkd d 1994b 
"The nucleus of this galaxy is small and bright. The multiple 
arms are smooth at the resol ution of the present plat e material. 
The galaxy is clearly a spiral". IShi. Gu. & Pengl d2006) described 
it as SAa with emission line spectra. The blue integral colours 
(U - B = -0.04 an d B - V = 76) of the galax y are typical 
for Sb spirals (e.g.. lHuchralll977l) . According to Paturel et al. 



(2003 j) this gala x y has detectable HI emission and according 
to ICondon et al.l dl998l) is 1 .4 GHz continuum radio emission 
source. This object has been observed in the SDSS (SDSS 
Jl 13221.83+004816.5) and it is obviously an Sa-type spiral 
galaxy. In our images the nuclear regions are over-exposed, but 
the structure of the circum-nuclear and outer regions confirms 
its spiral nature. We suggest a S a classification. SN2002at, clas- 
sified as possible young SN II dFilippenko & Barthl l2002). ap- 
peared on an outer narrow spiral arm of the ga l axy. 

IC3203. Ivan den Bergh. Li. & Filippenkol d2003l) classified 
this galaxy as SO: but noted, as for IC2461, that it is viewed 
edge-on and therefore has a somewhat uncertain classifica- 
tion. In both the ASC and N ED it is reported as Sb. In 
the Gold Mine Database (e.g., iGavazzi etatl [2006) it is de- 
scribed as an Sb galaxy with emission line spectra. This 
galaxy is include d in the catalog of 2 MASS-selected flat 
disk-like galaxies ( Mitronova et al. 2004) under the name of 
2MFGC9726. According to lPaturel et aTTd2003l) it is an HI ob- 
ject. Our imaging study confirms the Sb morphological type 
for this galaxy. SN2003ac, co nfirmed to be a rare SN lib 
(Filippenk o & Chornockll2003bl) . is located in the outer parts of 
the disk. 

ES O506-G011. ASC an d NED both report this as an SO 
galaxy. Ida Costa et al.l (Q998) agree, assigning it (-2) SO type. 
The analysis of this edge-on object shows the presence of a 
prominent bulge and disk structure. We suggest to classify it as 
an earl y (possibly Sb type) s piral galaxy. SN2005an was an early 
SN II dModiaz et al.ll2005bb located in the disk of this galaxy. 

NGC4589. According to the ASC and NED this is an E2 
galaxy. Our images do show a surface brightn ess distribution 
resemb ling an elliptical galaxy. According to iTheureau et al.l 
(2007) it is a strong 21 cm HI source. In a study of the 
gas a nd stellar kinematics of this galaxy, iRavindranath et all 
(2001 J) concluded that it is a merger remnant (see also 
iMoellenhoff & Bended 1 19891) with LINER-type nuclear activ - 
ity (lLarkin et al.ll 1998b . Studies bvlMichard & Marchall d 1994b . 
Caro llo et al.1 (1 1997b and lLauer et al.l (12005^ show the existence 
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of large, chaotic, and disorganized opaque dust patches (in and 
outside of 4"fields), forming asymmetric patterns, which might 
indicate a disk. Summarizing above data we conclude that this 
galaxy is a merger remnant with an outer structure similar to 
an elliptical galaxy. The object is a sou rce of 1.4 GHz contin- 
uum radio emission (ICondon et al.ll 19981) . SN2005cz is a type lb 
SN dLeonardl2005l) 17"far from the nucleus. The peculiarities in 
the central regions of this galaxy (and reaching out to the loca- 
tion of the SN) are pos sibly associated with star formation (e.g., 
iKauffmann etai1l2003l) . 

ESO576-G040. Accor ding to 

Ivan den Bergh. Li7& Filippe nkol d2003l) this is an SOt 
type galaxy. NED assigned type SBd? pe c. Ac cording to 
ICorwin. de Vaucouleurs. & de Vaucouleursl 0985) "Galaxy 
has over-exp osed bar? Pretty smoo th north arm, very knotty 
south arm". Galla gher et alj d2005l) classified this object as 
an SBd type spir al with emission line spectra. Following 
iMever et all d2004 it is HIPASS HI source J1320-22. Our 
imaging of this highly-inclined galaxy confirms its spiral 
nature. A bar and two spiral arm structures can be identified 
therefore we prefer to classify this galaxy as SBc type. In this 
galaxy two SNe have been disc overed: the type II SN2003am 
(Filippenko & Chornock 2003b) located on a bright condensa- 
tion of a northe rn spiral arm and the peculiar type la SN1997br 
dLi et alj H999) in the disk of the galaxy to the north of the 
nucleus and close to another bright HII region. 

MAPS-NGP 0_442_2131626. 

Ivan den Bergh. Li~& Filippenko (2005) classified this galaxy 
as E0, the same morphological type (E:0) assigned by NED. In 
the literature there are no published data. Our morphological 
study reveals a low-contrast spiral arm structure pointing in a 
north/north-west directio n. We classify the gala xy as Sa type. 
The type II SN2004V dFilippenko et al.1 120041) is positioned 
close to the faint spi ral arm structure. 

UGC12044. Ivan den Bergh. Li. & Filippenkol d2003l) 
classified this galaxy a s Sb/S O. The ASC, NED, and 
iHuchra. Vogelev. & Gelled (fl999h all agree that this is an 
Sab galaxy. According to iPaturel et al.l d2003l) HI has been de- 
tected in it. Our imaging study confirm s the Sab morphological 
classifi cation. The type lb SN2002hz (Filippen ko & Chornock! 
2003a) is projected on the disk but not associated with particular 
structures. 

MCG-02-57-22. I n the ASC this galaxy is classified as SO 
whereas according to Ivan den Bergh. Li. & Filippenkol (2005) 
it is an Sa. NED assign ed an (R')SB0~0" pec? morphologica l 
type while according to iKarachentseva & K arachentsev (2000) 
it is an Sa, and a member of an isolated triplet (KTS70A). 
Ida Costa et all d 19981) cl assified it as Im (10) galaxy. Following 
to lFricke & Kollatschnvl d 19891) it is a faint Ha emitter. Our mor- 
phological study confirms the spiral nature of this galaxy (Sa 
classification). The Las Campana s 6.5 m telescope im agjj of 
SN2001hh, a normal type II SN dMatheson et alj|200ll) , shows 
it on the inner edge of a southern spiral arm, thus supporting our 
claim. 

4. Discussion and Conclusions 

It is generally believed (e.g.. Ivan den Bergh & Tammannlll99lT: 
Cappellar o et al.|[l999l) that the hosts of core collapse SNe are 
objects with young stellar population (generally spiral or ir- 
regular galaxies) while the old stellar population of early type 
galaxies can produce only SNe la. Nevertheless among the 

4 http://cfa-www.harvard.edu/supernova/images/2001hh.jpg 



morphologically-classified host galaxies of CCSNe, we have 
noted 22 cases in which the host has been classified as el- 
liptical or SO, in apparent contradiction to this conventional 
view. Indeed it is well known that the morphological classi- 
fication of galaxies has margin s of s ubjectivity. For instance 
Ivan den Bergh. Li~& Filippenko (2003) have noted that "... late 
type galaxies of unusually high surface brightness may be mis- 
classified as being of early type", and mention several additional 
minor issues with the classifications. 

For the 22 cases in which the host galaxies of CCSNe 
have been reported as early types we have assembled imag- 
ing and searched the literature for additional information. We 
found that 14 hosts clearly ought to be re-classified as spi- 
rals, for three galaxies the presence of spiral structure is sus- 
pected, one galaxy has been classified as irregular, one as a 
barre d galaxy with an outer ring stru c ture. W e share the view 
with Ivan "den Bergh . Li. & Fil ippenko (2003) that high surface 
brightness in galaxies plays a crucial role in misclassification, 
particularly for largely inclined galaxies. There are no detailed 
studies on the surface brightness of our sample galaxies but we 
outline that six out of 22 galaxies are largely inclined objects. 
Since radial velocity may be another important factor influenc- 
ing morphological classification we have compared the mean ra- 
dial velocities of the total sample of CCSNe hosts in ASC with 
available recession velocity and morphology (910 galaxies) with 
those of the sample of 22 galaxies. The mean radial velocity 
of the total sample is 4935 + 3153km s _1 to be compared with 
4996+2434 km s -1 of our galaxies. This means that the uncertain 
classification was not due to the distance effect. 

Other parameters, in addition to the morphological type, 
bar and ring are indicators of young stellar populations. In the 
sample there is one merger (NGC4589) with elliptical outer 
isophotes and active nuclear region, which may also have en- 
hanced star formation (e.g., IKauffmann et al.1 120031) . In fact, 
the SN in this galaxy is close to the nucleus. Another galaxy 
(NGC2768) has been confirmed as SO with a central region 
showing dust and a disky central gas distribution. This galaxy 
has a powerful LINER nucleus, and may also be the remnant 
of a merger. The existence of strong HI and CO emission, and 
the presence of dust and ionized gas supports the presence of a 
young stellar population. The core collapse SN in this galaxy is 
possibly associated with the red star clusters present. Only one 
galaxy of the 22, NGC2274, remains confirmed with an ellip- 
tical morphology without any inner structural peculiarity. This 
galaxy is a member of an isolated pair, and appears to be in in- 
teraction with a close neighbor spiral. NGC2274 may possibly 
have accreted some gas during a tidal encounter with this gas- 
rich neighbor, thereby accounting for the presence of massive 
stars. Despite the low number statistics it is interesting to note 
the unusually high ratio SN Ibc / SN II = 2/1 found in early 
type galaxies with respect to other galaxy types (e.g., Table 5 of 
iBarbon et alii 19991) . 

Our sample of 22 galaxies includes 17 HI sources (more than 
77% of the total sample). It has been shown many times that the 
presence of HI emission is correlated with star formation, and 
the HI is ge nerally found in c lose proximity to star-forming re- 
gions (e.g.. iHelmbo ldt 2007). A high HI detection rate among 
our sample galaxies is consistent with the presence of a young 
stellar population in these objects. Our sample includes also 8 
1.4 GHz c ontinuum radio sources . According to the criterion 
adopted bv lDeUa Valle et alj d2005h . among 8 radio sources de- 
tected 2 (NGC838, UGC2836) are radio-loud and 6 (IC1429, 
NGC2768, NGC3720, IC2461, VIIIZwl40 and NGC4589) are 
radio-faint. In two cases (NGC2768, NGC4589) the LINER 
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AGN s might contribute to the radio emission ("e.g. jFalcke et alj 
2000). In the 6 remaining cas es the radio emission migh t wit- 
ness recent star formation (e.g jRosa-Gonzalez et alj|2007l) . It is 
interesting to note that two galaxies in the sample are UV ex- 
cess Markarian galaxies, and three have LINER type AGNs. In 
one case (NGC1260 with SN2006gy), the SN is located in the 
inner core of the galaxy characterized by extended Ha emission, 
consistent with the supposed large mass of the progenitor. 
In summary: 

1. In 17 cases, the "early type" host is a misclassified spiral 
galaxy. 

2. In one case the host galaxy is a misclassified irregular, and 
in another it is a misclassified ring galaxy. 

3. Three galaxies retain the early type classification: NGC4579 
a merger remnant with elliptical outer isophotes; NGC2768, 
a SO with LINER nucleus, possibly the remnant of a merger; 
NGC2274 an elliptical with no morphological peculiarity 
which anyway appears to be in close interaction with a 
neighbour. 

In conclusion, the presence of CCSNe in early type galaxies 
can be interpreted as an additional indication that residual star 
formation episodes take place also in E and SO galaxies due to 
merging/accretionor interaction with close neighbours. In other 
words the morphology of a galaxy is the most direct and imme- 
diate indicator of its general stellar content and star formation 
history. Nevertheless the morphology is inadequate to describe 
local SF episodes occurring at small scale. 

The available small statistics is inadequate to perform a de- 
tailed analysis of the frequency of CCSNe in early type galaxies, 
hence to test whether the presence of CCSNe is compatible with 
the existence of a "pro mpt" population of SN la as invoked by 
iMannucci etaT] d2006l) . 
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